INTRODUCTION
Smelling is a chemosensory function performed by the olfactory system (1, 2) of extreme importance for the survival of living creatures. In addition to enabling interaction with the environment through odor perception, it also aids in food search, in taste perception, and in the identification of dangerous situations.
Alterations in this sense may result in significant daily losses and risks (1, 3) . In order for smells to be detected and later discriminated, the olfactory system must be functioning adequately. When this system does not function as a whole or there are mechanical impediments in areas involved with olfactory functions, some individuals, such as those with allergic rhinitis, nasal obstructions (4, 5) , Alzheimer's or Parkinson's disease, epilepsy, and depression (6) or those submitted to total laryngectomy (7, 8) , may complain about sensing and differentiating smells. Several methods to assess the sense of smell have been developed, with the purpose of quantifying these possible difficulties and alterations.
In children, this assessment is usually conducted with methods that vary according to the applicability and eligibility of the instruments. Moreover, the available tests are not applied exclusively to this population and are also valid for other stages of human development. Quantitative instruments are the most commonly used in all stages.
These instruments can be objective, such as the electro-olfactogram (9) and the Sniff magnitude test (10, 11) , or subjective, such as the Sniff Sticks test battery (12) , the T&T olfactometric test (13) , the smell threshold test (14) , and the brief smell identification test (15) . This variety prompted us to research, by means of reviewing the literature, the rules adopted to choose and to use quantitative instruments that assess children's sense of smell.
PURPOSE
The purpose of this study was to systematically gather, from the literature, the quantitative instruments used to assess the sense of smell in studies carried out with children by identifying and verifying the frequency of use and the selection criteria adopted to define their applicability and efficacy in this population.
RESEARCH STRATEGY
In order to formulate this literature review, we sought to answer the following questions: What are the quantitative instruments used to assess the sense of smell among children? How are they selected? How frequently are they used? Are they effective? Do they adequately characterize children with regard to olfactory alterations?
Based on these questions, the bibliographical search was carried out by assessing the platforms Pubmed and Bireme and the databases MedLine, Lilacs, regional SciELO (from August to September 2013) and Web of Science (April 2013).
We used descriptors (DeCS and MeSH) to retrieve topics from the scientific literature and open terms (OT) not found in the DeCS and MeSH but also relevant to the study. We utilized the following crossings in English, Portuguese, and Spanish: smell (DeCS/MeSH) AND child (DeCS/MeSH); smell (DeCS/MeSH) AND assessment (OT); smell (DeCS/MeSH) AND diagnosis (DeCS/MeSH); smell disorders (DeCS/MeSH) AND child (DeCS/MeSH); smell disorders (DeCS/MeSH) AND diagnosis (DeCS/MeSH); smell disorders (DeCS/MeSH) AND assessment (OT).
The survey was carried out independently by two researchers, in accordance with the inclusion and exclusion criteria. The conflicting points were later solved by a third evaluator. A specific time period was not established for when the studies were published.
SELECTION CRITERIA
As inclusion criteria, we selected original articles by scholars who used quantitative instruments to assess smell only among children (individuals between 0 and 11 years and 11 months of age, according to Law 8069 of July 13, 1990 , which discourses about Brazil's Child and Adolescent Statute). The manuscripts were published in Portuguese, English, and Spanish.
We excluded original articles that made no reference to the topic of this review in the title, abstract, or full text; studies focused exclusively on other stages of human development or those in which children were assessed along with adolescents, adults, or elderly people; studies with animals; and literature reviews, dissertations, book chapters, case studies, and editorials.
On the Pubmed database, we activated filters concerning species (humans), language (English, Portuguese, and Spanish), and age (6-12 years; birth to 18 years; birth to 1 month; birth to 23 months; 1-23 months; 2-5 years). No research filters were applied when accessing MedLine, Lilacs, SciELO, and Web of Science.
DATA ANALYSIS
Using the keywords and OT defined previously, we identified and selected the articles to be analyzed from the databases of choice.
First, we read the titles of the papers. Then, we read the abstracts of those selected based on the relevance of the title. In case these articles were in accordance with the pre-established inclusion criteria, they were analyzed in their entirety, following a protocol created for this purpose.
The papers that were finally selected were those that fulfilled all the eligibility criteria described above, thus enabling us to answer the questions posed in this review.
The data contained in the articles of interest were minutely analyzed by means of a filing protocol created for the present study, with the following information: author, department, year, location, population/sample, age, purpose of the study, methods used, and the main results.
Considering what was relevant in each article, we present the data here through tables and figures, with the purpose of facilitating visualization and comprehension during the presentation and discussion of the results.
RESULTS
Our search yielded 8,451 articles. Out of this number, 5,928 were excluded based on the title, 2,366 based on the abstract, and 123 were excluded upon reading of the text in full. Therefore, 34 articles were selected according to the inclusion and exclusion criteria. However, 28 of them were repeated in the databases, which resulted in six works being analyzed in this review ( Figure 1 ).
Upon verification of our selection (Table 1) , we found that the studies were highly diverse, which prevented the conduction of statistical analyses (meta-analysis), especially because the sample, the population's age, and the purpose of each study varied. Nevertheless, in spite of these divergences, important reflections and conclusions can be drawn from this review.
Authors linked to medicine departments (16) (17) (18) (19) are the ones who most frequently conduct studies on smell among children. We highlight the lack of studies coordinated and carried out by speech-language pathologists, even though this sense is considerably important in the feeding process and for an individual's overall development. With this concern in mind, studies on smell and taste among mouth-breathing children are being developed by the research group Pathophysiology of the Stomatognathic System, directed by speech-language pathologists at Universidade Federal de Pernambuco, Brazil.
Research studies on the quantification of the sense of smell with an exclusive focus on the pediatric population appeared in the 1990s (20) and intensified from 2005 onward (16) (17) (18) (19) 21) . It is supposed that this late appearance of studies with purposes related to olfactory conditions in children is due to the fact that auditory and visual alterations have more noticeable negative consequences on this population than chemosensory disorders. Furthermore, this can be explained by the difficulty of applying reliable quantitative tests on children. However, there is concern about this aspect currently, given the importance of the sense of smell for the whole feeding process of an individual, as well as for self-defense in dangerous situations.
France (16, 21) is the leading country in studies on the sense of smell in children. It is important to highlight the lack of studies on the characterization and assessment of this function in South America, and especially in Brazil, although there are Brazilian review articles in which scholars relate total laryngectomy to smell/taste alterations and assessments and the rehabilitation of these functions (22, 23) . The population studied in the articles selected for this review was chiefly composed of healthy children (16) (17) (18) 20, 21) , probably because there are no normative standards that allow for comparisons between healthy and sick populations.
The samples were composed of 15 children (16) at least and 158 at the most (18) . We perceived, however, a larger amount of studies with samples of less than 100 individuals (16, 17, 19, 20) and a higher prevalence of female children.
The age range varied significantly. While some authors studied newborns (20) , others focused on pre-school and school-aged children (16) (17) (18) (19) 21) . Thus, the age range varied between 12 days of post-uterine life (20) and 12 years (18, 21) . This enabled us to contemplate, in this review, the entire age range defined as childhood by Law 8069 of July 13, 1990 , which discourses about Brazil's Child and Adolescent Statute. This difference possibly occurred due to the To determine whether facial Electromyography can provide reliable answers about different smell and taste stimuli, and whether it is possible to distinguish olfactory and gustatory stimuli as pleasant or unpleasant by using EMG.
Presentation of two odors (one established as pleasant and the other as unpleasant) and facial control performed by the activity of zygomatic and lip elevator muscles using Electromyography.
Upon observation of the recordings concerning the zygomatic muscle, more than 90% of the children had responded to all olfactory stimuli, with response levels ranging from 97,1% to 100% for the odors used (unpleasant and pleasant, respectively). On the other hand, the activity of the lip elevator muscle was more selective, as 94,1% of the children responded to the unpleasant odor, with less markedly reaction to the pleasant odor. To assess the capability to smell and enjoy food in children with adenoid hypertrophy before and after adenoidectomy.
Sniffin Sticks Test Battery (Test of identification of 12 smells).
The olfactory function (nasal and retronasal) of the study group before the operation was significantly reduced in comparison to the results of the control group. After the operation, retronasal discrimination improved significantly compared to nasal discrimination. The authors suggest a marked association between adenoid hypertrophy and retronasal discrimination. Statistically significant differences were found concerning the individuals' search, for a prolonged period of time, for the mothers' nipple odor (main odor stimulus) than for the control block devoid of odor substances, without any differences between the sexes. Statistically significant differences were found in the search for the smell of formula in comparison to the mothers' nipple smell, with differences concerning this search between the sexes. The majority of the babies evaluated took significantly longer when guided towards the smell of an unknown nipple than towards a formula with familiar smell.
necessity of obtaining proof with regard to different aspects of children's development, such as the influence of the sense of smell in language acquisition (16, 21) , breastfeeding (20) , and memories and emotions evoked by environmental smells and family life (17, 20) . The aims of the studies varied from characterizing a population (19) (20) (21) to associating two points (16, 18, 21) and substantiating the establishment of a given tool to assess the sense of smell in pediatric practice (17) . This variety of purposes makes it difficult to standardize assessment instruments and results in healthy populations, hindering comparisons among ill individuals and safe, early diagnoses in this population.
All the tests and instruments used to assess olfactory functioning in the studies included in this review are of a quantitative nature. However, the tests varied with regard to their application. Some scholars asked the children to identify (16, 18, 19, 21) or judge the pleasantness (16) of odors presented to them; others quantified answers based on how long it took for the individuals to direct their bodies toward specific odors (20) or data visualized in computer programs, such as the study (17) in which electromyography was used to control the facial movements of certain muscles during exposure to pleasant and unpleasant odors.
The repeated use of the Sniffin Sticks test battery -an objective and commercially available standardized assessment method that presents 12 odors contained in sticks to the individual to be assessed -in two of the studies conducted (18, 19) may be an indication that there is a path leading to the standardization of instruments to assess the sense of smell in children. This is mentioned because we noticed, in the process of this review, a lack of standardization and a broad variation concerning the use of specific tests aimed at children. Thus, the reliability of the works selected is hereby put into question.
It is important to highlight that the advancement in research already points to a path to be developed in search of the standardization of quantitative instruments that assess olfactory functioning in children from 0 to 12 years of age. For instance, in the studies analyzed here, all tests were psychophysical (composed of a standard physical stimulus and a standard psychic response), which means that all children were exposed to several smells diluted in mineral oil (16, 21) . The concern about the standardization of instruments to assess children lies in the particularities of this population, such as cognitive, linguistic, and emotional development, factors that must be contemplated during the conception of assessment instruments that are specific to this age range.
In the instruments used in the studies analyzed, the method or utensil utilized to present odors varied. Scholars used paper strips (16) , pen-shaped tubes (18, 19) , and odorized blocks or smells embedded in absorbent cloth contained in 15-mL flasks (21) , for instance. The amount of smells presented did not follow any standardization either, varying between 2 (17, 20) and 16 (21) . The same is true of the choice of odors and exposure periods. Possibly, all these variations occurred with the purpose of adapting the assessment methods to the population's age.
Regarding the assessment instruments, we noticed the essential role of representative images that aid in elucidating olfactory and semantic memory and help the children to provide their answers with certainty. In one of the studies (21) analyzed in this review, the authors adapted the assessment test of choice by presenting the children with four images and asking them to point to the one that corresponded to the odor in question; according to the scholars, this modification facilitates the retrieval of familiar smells. In works (24, 25) where photos or real images of the odors exposed were used, we observed better performances in the assessment of the sense of smell in children. Therefore, the application of these visual resources can confer reliability to tests and assessments of children's sense of smell. And, if the purpose of the assessment is to detect and discriminate odors and concentrations, nothing prevents their use as long as they are chosen in a judicious and balanced manner, without directing the children either to wrong or to right answers.
Last, the results varied in accordance with the aims of the studies. The majority had their hypotheses confirmed (16, 17, (19) (20) (21) ; one was partially confirmed, as the authors did not find statistically significant associations regarding the detection and discrimination of odors by children of different ages, but only concerning the identification of smells (18) . Nevertheless, all stated the importance of early investigation through reliable means to diagnose olfactory conditions among children.
CONCLUSION
Assessing children's sense of smell is not an easy task due to the particularities of this age range. However, with the advancement of research and the interest of many professionals involved in this scenario, such as speech-language pathologists, occupational therapists, otorhinolaryngologists, and neurologists, good results can be achieved, especially with regard to the standardization of quantitative instruments and tests that are specific to this age range.
The review in question showed this possibility and the necessity of further detailed studies, with the purpose of stabilizing and standardizing quantitative instruments to assess children's sense of smell, as we observed, in the present study, a lack of standardization of these instruments concerning their application with children and a broad variation in the methodologies used to apply these tests, therefore lowering the effectiveness and reliability of the results found.
The achievement of this level of specificity in assessing children's sense of smell will guarantee reliable diagnoses and therapeutic plans based on accurate scientific evidence. In this sense, these same instruments can also be adequately used in speech therapy without the risk of factors such as the choice and quantity of odors, exposure period, and the method interfering with the process of (re)habilitation of the olfactory system. 
